T he diverse and confusing morphology of spinal dysraphism halts prompt, accurate diagnosis and has resulted in numerous misnomers. It appears that disease classification based on the common error in embryogenesis is essential for correct diagnosis and treatment, especially as regards surgical strategy. One of the most recently compiled disease entities is limited dorsal myeloschisis (LDM), which is characterized by "a focal 'closed' midline defect and a fibroneural stalk that links the skin lesion to the underlying cord." 4,5 These 2 features reflect the fundamental error during embryogenesis that causes LDM: incomplete disjunction between the skin and neural ectoderm during primary neurulation.
ogy, it can be speculated that the neural component would have been found by exploration of the entire stalk; hence, we call these lesions "probable" LDMs. The present study was performed to meticulously review these cases and suggest that a modified surgical strategy using limited laminectomy for these probable LDMs is sufficient to achieve the surgical goal of untethering.
Methods
The recorded operation database was searched, and all patients who had undergone surgery for congenital spinal dysraphism between 2010 and 2014 were identified. All patients had undergone preoperative lumbosacral MRI. Preoperative urodynamic study (UDS) and electromyography (EMG) were usually recommended and performed, but some of the asymptomatic, young patients were spared from undergoing these additional tests. Intraoperative electrophysiological monitoring was performed in all patients. Disease entities included spinal lipomas, Currarino triad, congenital dermal sinus, myelomeningocele, terminal myelocystocele, thick and short filum, and LDM. Among the 227 identified patients, there were 33 with diagnosed LDM, including the saccular and nonsaccular types. The radiological studies, operative findings, and histopathological results of these LDM patients were thoroughly reviewed. For the purposes of this study, LDM cases with associated lesions such as lipoma, congenital dermal sinus, or dermoid cyst were excluded, and only nonsaccular-type lesions were considered. The Institutional Review Board of Seoul National University Hospital approved the study.
The criteria for probable LDM were as follows: 1) a typical "flat" skin lesion (for example, midline crater or pit or cigarette-burn scar); 2) a stalk connecting the base of the skin lesion to a "limited" area of the spinal cord, as seen on MRI; and 3) a dural fistula ensheathing the connecting stalk. The lesions would otherwise be a very typical nonsaccular type of LDM, except that central nervous system (CNS) tissue was not found in the connecting stalk in the available surgical specimen.
The expression of glial fibrillary acidic protein (GFAP) was evaluated for the presence of CNS tissue using immunohistochemistry (IHC). Formalin-fixed, paraffin-embedded tissue blocks were used, and IHC was performed using polyclonal GFAP antibody (1:300 dilution, Dako) with the BenchMark XT automated system (Ventana Medical Systems). The positive control was normal human brain including gray and white matter, and for the negative control in IHC, the blood vessels in the samples were used. A neuropathologist (S.H.P.) evaluated the results under a microscope. Staining was read as positive or negative. Positive staining showed homogenous intensity and robust positivity; therefore, intensity and percentage of positive area were not graded.
Results
Of the 33 patients with LDM, 13 had the typical nonsaccular lesions with simple subcutaneous stalks connecting the skin lesion to the spinal cord. Four patients had "true" LDMs meeting all criteria for diagnosis, including pathological confirmation of CNS tissue by immunohistochemical staining with GFAP. However, the surgically resected stalks of the 9 remaining patients did not contain CNS tissue, meeting the criteria for probable LDM. The remaining 20 patients were excluded from the study because they harbored saccular-type lesions or had associated lesions, such as lipomas.
Clinical Details
Nine patients met the definition of probable LDM cases. The median age was 4 months at operation (range 2-72 months), and 7 patients were girls. All patients had a presenting symptom of "skin lesion," and all were neurologically asymptomatic. Skin lesions consisted of a cigaretteburn lesion (6 cases), small pit (2 cases), or skin tag (1 case). Hemangioma was observed in 6 patients. Magnetic resonance imaging revealed a typical slender stalk connecting the skin lesion to the spinal cord, and the extraspinal and intradural course could be traced as expected for an LDM (Fig. 1) . The results of preoperative UDS and EMG were all normal. Thus, the patients underwent surgery with the suspected preoperative diagnosis of LDM. After the operations, all patients remained symptom free during a mean follow-up of 3.0 years (range 1.8-5.5 years; Table 1 ).
Surgical Procedures and Pathological Findings
The stalk was traced to a lamina defect, and limited opening of the lamina was performed. Two-level laminotomy and laminoplasty was performed in 5 patients, and 1-to 1.5-level hemilaminectomy was performed in 4 patients (Fig. 2) . Laminotomy was preferred in the early period, but hemilaminectomy has become the preferred method of removing laminae. A slender dural fistula wrapping the stalk was identified in all cases, and after dural opening, the stalk was sectioned, completing the untethering. Frozen biopsy procedure was performed to check for cutaneous ectoderm in the proximal stalk. The filum was cut based on surgeon preference (7 cases). The site of stalk attachment to the spinal cord was not visible in the surgical field in any of the cases. Pathological examination of the resected stalk confirmed the presence of either fibroadipose or fibrovascular tissue, and some samples also contained peripheral nerve twigs (5 cases). All of these stalks were negative for GFAP.
Discussion
We have shared our experience with patients whose lesions almost fit the definition of a nonsaccular LDM except for the pathological confirmation of CNS tissue in the stalk. As neural tissue may be present in the more proximal portion of the stalk, exposure and resection of the entire length of the stalk may be necessary to pathologically confirm the neural component. However, in our cases, the goal of lamina opening was visualization of the intradural portion of the stalk, which is sufficient for complete untethering. Therefore, a segment of the proximal stalk was not resected and could not be examined for pathology. Nonetheless, despite the uncertain diagnoses, complete untethering was achieved in all cases, and the surgical outcomes were favorable with considerably smaller laminectomies. We propose that for patients with the typical skin lesion and MRI features of probable LDM, the extent of laminectomy can be minimized even though the pathological diagnosis may not be confirmed.
The importance of classifying congenital spinal dysraphism according to the embryological mechanism cannot be overemphasized. An understanding of the embryopathogenesis recently led to the notion that a dysraphic spinal lipoma can be "separated" from the spinal cord. From this concept, a completely different surgical strategy of total resection for congenital spinal lipomas was derived and has greatly improved surgical outcomes.
3 Similarly, before a complete understanding of the embryological origin and morphology of LDM, saccular lesions in the cervical region had been erroneously treated with ligation and cosmetic restoration of the large sac. 2 It is now clear that the primary goal of surgically treating LDM is the elimination of the tethering on the cord caused by the fibroneural stalk. In the original report, Pang and colleagues noted that at least 1 set of laminae rostral and caudal to the cord-stalk attachment site usually had to be removed for sufficient visualization of the dural outpouching and the interface between cord and stalk. 4, 5 The entire length of the stalk was removed and available for pathological evaluation. In our experience, however, the primary tethering point appears to be on the skin and at the site of dural entry. Therefore, exposure of the entire extent of the intradural stalk was not essential for the untethering procedure. Cutting the intradural stalk and removing the distal stalk result in efficient untethering. The main advantage of this alternate procedure is the smaller extent of laminectomy. In almost half of the patients in this study, the untethering and filum sectioning were performed without difficulty after hemilaminectomy of 1-2 laminae, whereas the origi- nal procedure necessitates the removal of at least 2 sets of laminae. The major pitfall of the limited exposure is the possibility of not detecting the neural component and thus affecting the diagnosis of LDM in a strict sense. Although laminectomy of the lumbar level during childhood can be tolerated, it is not without risk. 6 We believe this should be avoided when possible, even at the cost of a "probable" diagnosis.
One caveat of the limited approach should be noted. Only a small number of patients were evaluated, and although the duration of follow-up was fairly long, since retethering can occur even years after operation, long-term follow-up with more patients is needed.
Conclusions
We suggest that for patients with typical nonsaccular LDM-like clinical features and a simple stalk, untethering of the stalk can be achieved through limited intradural access without exposing the stalk-cord attachment site. This approach may spare the patient from multiple-level laminectomies but may halt the pathological confirmation of neural tissue in the stalk. Long-term follow-up with a greater number of patients is needed to check on the completeness of untethering and the possibility of the formation of dermoid tumors from residual cutaneous components.
